Objective: To evaluate the effects of levothyroxine (L-T4) replacement in echocardiographic parameters of middle-aged women with subclinical hypothyroidism (SH). Subjects and methods: This was a randomized, double-blind, placebo-controlled study. Echocardiographic evaluation was carried out at baseline and one year after restoration of euthyroidism. Thirty-three women with SH were assigned to one of two groups (L-T4 or placebo). Results: The two groups had similar basal characteristics. There was a significant deterioration of left ventricular Tei index after one year of placebo use, which differed from the effect of L-T4 replacement (+0.086 ± 0.092 vs. -0.014 ± 0.012; p = 0.047). There was also a slight reduction in cardiac output and cardiac index with placebo use, which was not different from L-T4 effect. 
INTRODUCTION
T he impact of subclinical hypothyroidism (SH) on left ventricular diastolic and systolic function has been studied by several authors using Doppler echocardiography and exercise performance (1-5).
The most common findings are alterations of left ventricular diastolic function, represented by a prolonged isovolumetric relaxation time (IRT), and an abnormal time-to-peak filling rate when compared with controls subjects (6) (7) (8) (9) . Left ventricular diastolic dys-function may lead to increased morbidity, exercise intolerance and diastolic heart failure (10, 11) .
The impact of SH in systolic function is controversial, since studies which evaluated this parameter by Weissler's method demonstrated normal results (12) (13) (14) . More sensitive echocardiographic methods, especially during stress, were able to demonstrate that patients with SH showed deterioration of systolic function in comparison with control subjects (11) (12) (13) (14) (15) .
Myocardial performance index (Tei index) is a simple, noninvasive and reproducible method for the evaluation of systolic and diastolic ventricular function. It is derived from the formula: (isovolumetric contraction time [ICT] + isovolumetric relaxation time [IRT] )/ejection time. Several studies have documented that the Tei index is independent of arterial pressure, heart rate, ventricular geometry, atrioventricular valve regurgitation, and afterload and preload. The index has inverse relationship with the ejection fraction. The superiority of the Tei index is attributed to its ability to reflect combined systolic and diastolic performance (16) (17) (18) (19) .
The aim of the present study was to evaluate the effects of levothyroxine (L-T4) replacement in echocardiographic parameters of systolic and diastolic cardiac function at rest, in middle-aged women with subclinical hypothyroidism, especially using the Tei index.
PATIENTS AND METHODS

Subjects
SH female patients were selected from the outpatient clinic of Hospital Universitário Clementino Fraga Filho (HUCFF) at Universidade Federal do Rio de Janeiro (UFRJ). Inclusion criteria were two serum evaluations with thyrotropin (TSH) levels higher than the upper limit range (4.0 µUI/mL), and normal free thyroxine (FT4) levels (0.9 -1.8 ng/dL). Diagnosis had to be confirmed at least six weeks between the two measurements. Patients signed a written informed consent form to take part in the study, which was approved by the Ethical Committee of the institution.
Hypertensive and diabetic patients, as well as those under treatment with drugs that may influence thyroid function were excluded from the study. Patients with serum TSH greater than three times the upper limit of reference (> 12.0 mUI/mL) were also excluded.
Study protocol
Serum TSH, FT4 and antibodies anti-thyreoperoxidase were measured at baseline in each patient. After that, hormonal profile (serum TSH and FT4) was assessed at two-month intervals, until restoration of euthyroidism, and then again, in the end of the study.
After clinical evaluation, patients were randomly assigned to L-T4 replacement or placebo use. L-T4 and placebo pills were similar in appearance and all patients received the same amount of pills. Randomization was carried out after patients were stratified in different groups according serum TSH groups: Level 1, TSH > 4.0 -8.0 µUl/mL; and Level 2, TSH > 8.0 -12.0 µUl/ mL. Then, they were given the initial dosage of L-T4 or placebo, depending on their serum concentration of TSH: 25 mcg for Level 1 and 50 mcg for Level 2.
All patients returned after two months for dose adjustment and evaluation of adherence to the protocol. A nonblinded endocrinologist performed clinical reevaluations and was responsible for adjusting the dose. After that, patients had their serum TSH and FT4 levels measured every three months. If an adjustment in the dose was necessary, the interval was not considered as time of euthyroidism. The same process of evaluation and "dose adjustment" was used in the placebo group. Echocardiographic evaluation was done at baseline and after one year of euthyroidism.
Throughout the study, exclusion criteria were: development of systemic hypertension, cardiac arrhythmia, or any disease that may influence thyroid function. Patients that did not adhere to the protocol (repeatedly returning more than 20% of the tablets during the period), and patients that needed doses higher than 75 mcg to restore euthyroidism were also excluded. At the end of the study, nine patients remained in the L-T4 group, and thirteen in the placebo group.
Evaluation method
Echocardiographic evaluation was carried out with Siemens G-60, using a transthoracic multifrequency probe. The most commonly used frequency was 3.2 MHz, with the harmonic function enabled. The patient was analyzed in left lateral decubitus.
Patients of the two groups were submitted to two--dimensional transthoracic color Doppler echocardiogram, performed by one only echocardiographist, who was blind to both treatments.
The following measurements were determined by echocardiography: left and right ventricle cavity dimen-sions in systole and diastole (SLVD and DLVD); left atrium (LA); aortic root diameter (AO); left ventricle mass (LVM), and parameters of systolic and diastolic function. Left ventricular hypertrophy was defined as left ventricular mass index ≥ 110 g/m 2 (20) . Parameters of systolic function were: left ventricle volume (SLVV) in milliliters (mL); left ventricle systolic diameter (LVSD) in millimeters (mm); ejection volume in mL; ejection fraction in % (EF); fractional shortening (%); ejection time in milliseconds (ET); Isovolumetric Contraction Time in milliseconds (ICT); and cardiac output (CO) in L/m. Ventricular volume was determined by Tercholt'z formula, and cardiac output was calculated according to the formula: ejection volume X heart rate.
Specific diastolic function parameters were: left ventricle diastolic volume (LVDV) in mL; left ventricle diastolic diameter (LVDD) in mm; isovolumetric relaxation time (IRT) in ms, E wave velocity (EW) in m/s, A wave velocity (AW) in m/s, E wave to A wave ratio (E/A), and E wave deceleration time in ms (DT). Diastolic dysfunction was defined by the presence of at least one of the following parameters: E/A ≤ 1.0, IRT ≥ 100 ms, or DT ≥ 220 ms (20) .
Patients were also evaluated for left and right Tei index, and it was possible to evaluate the diastolic and systolic function at the same time, independent of preload and afterload. The final value of each parameter was the mean of three consecutive measurements (20) .
Statistical analysis
Baseline characteristic were described using Mean ± Standard Derivation (Median) and proportions. Mann-Whitney test was used to compare continuous and ordinal variables between study groups. Similarly, comparison of proportions was based in χ² or Fisher's tests.
The first outcome (indication of L-T4 effect) was defined by variations in cardiac function, calculated using the variation between baseline values (before treatment) and values after one year of treatment. L-T4 effect was obtained by comparing the mean variations between the two groups based in a per protocol analysis. We also compared "before and after" means of each variable in each follow-up group (L-T4 or placebo) using Wilcoxon's test. The association between two continuous variables was assessed by Spearman's correlation coefficient.
RESULTS
Thirty-three women with subclinical hypothyroidism (SH) were included in two prospective groups (seventeen to L-T4 use, and sixteen to placebo use). Table 1 shows comparability between baseline characteristics of the patients in their respective groups. The two groups had similar demographic characteristics, and were well--matched for TSH serum levels, mean BMI, heart rate (HR), systolic (SAP) and diastolic blood pressure (DAP). There were no significant differences between the two intervention groups in respect to baseline echocardiographic parameters (Table 1) . No patients showed left ventricular hypertrophy, according to the criterion determined in the study (left ventricular mass index ≥ 110 g/m 2 ). Throughout the study, eight patients in the L-T4 group and three in the placebo group were excluded from follow-up. Baseline characteristics of the patients that concluded the study is also shown in table 1. Two patients in the L-T4 group and one in the placebo group were excluded during the study because they did not adhere to the protocol. Five patients were excluded from the L-T4 group because euthyroidism was not restored with a L-T4 dose of 75 µg/day, and one patient in the placebo group developed overt hypothyroidism. Two patients (one in each group) developed systemic hypertension and were also excluded. Despite the exclusion of these patients, groups at the end of the study were similar in respect to baseline characteristics ( Table 1 ).
The effects of the intervention
At the end of the study, patients in L-T4 use had mean serum TSH of 2.9 ± 2.1 (median = 2.5) µUI/mL, and those on placebo use showed serum TSH of 5.5 ± 2.0 (median = 5.4) mUI/mL. In the evaluation of their baseline serum TSH, only three patients in the L-T4 group and four patients in the placebo group had baseline serum levels higher than 8.0 (mUI/mL), which demonstrates that the majority of the patients had truly minimal thyroid dysfunction.
Absolute changes in parameters of cardiac function were calculated for each SH and placebo patient who completed the follow-up protocol, and were named "delta" (Δ). Mean variations (or mean Δ) in specific diastolic parameters (IRT, E/A and DT) were not statistically significant with L-T4 or placebo use. Also, variations that occurred throughout the stu- Table 1 . Baseline characteristics of patients initially randomized to the intervention groups and of patients that concluded the study, according to the intervention group (placebo or L-T4 use)
Patients initially randomized* Patients that concluded the study* L-T4 (n = 17) Placebo (n = 16) L-T4 (n = 9) Placebo (n = 13) dy with L-T4 replacement did not differ statistically from those that occurred with placebo use. There was a mild increment in E/A in both intervention groups, and reductions in IRT and DT, but with these changes were not statistically significant. There was a modest reduction in LVM after one year of L-T4 use, without statistical significance. A favorable effect detected after L-T4 replacement was the reduction in aortic root diameter (AO), which was significantly different from the increment detected with placebo use (Table 2) . Since the majority of the patients presented at least one abnormal parameter of diastolic function (Table 1) at baseline, we evaluated this subgroup of patients for variations in diastolic parameters thoughout the study (Figure 1 ). In the presence of diastolic dysfunction, L-T4 replacement had a positive impact on aortic root diameter (AO), and a less significant impact in LVM, compared with the placebo. A significant reduction in DT was also detected with SH treatment, despite not different from the placebo effect. No significant impact of LT-4 replacement was detected in IRT and E/A, despite the non-significant reduction throughout the study. The frequency of patients with diastolic dysfunction at the end of the study was 44.4% in the treated group, and 46.7% in the placebo group. Table 3 ). The evaluation of frequency of abnormal Left ventricular Tei index (> 0.4), at the end of the study, showed a reduction to 25% in the treated group, compared with an increase (to 61.5%) in the frequency of this kind of abnormality in the placebo group (p = 0.062). Also, the evaluation of the frequency of abnormal Right ventricular Tei index (0.4), at the end of the study, showed similar results: there was a reduction to 25% in the abnormalities of the treated group compared with an increase (to 46.2%) in the frequency of this kind of abnormality in the placebo group (p = 0.742).
There was also a slight reduction in cardiac output and cardiac index with placebo use, which did not reach statistical significance (p = 0.06), and did not differ from the L-T4 effect (p = 0.702). The same occurred with Left Ventricle Filling Time, which showed an upwards variation with hormone replacement (p = 0.07), but was not modified with placebo use. 
DISCUSSION
In the present study, the replacement of L-T4 had a favorable impact in the left ventricular Tei index, compared with the deterioration of the SH group that received placebo. This index reflects both systolic and diastolic ventricle performance (16) . The presence of diastolic dysfunction in SH that is restored after L-T4 replacement has been previously published (11, 15, 21, 22) . Earlier, we suggested an association between TSH serum elevation and parameters of diastolic dysfunction, especially DT (23) . Despite these previous results, in the present study, L-T4 replacement did not influence those parameters of diastolic function (IRT, DT or E/A). The reduction in aortic root diameter may reflect an amelioration in aortic complacency and may be associated with better outcomes in diastolic function. Also, reduction in left ventricular mass with the treatment of subclinical hypothyroidism had a positive impact in diastolic cardiac function. However, this last outcome could only be demonstrated in patients with previous diastolic dysfunction.
The increase in the LVFT and the positive impact in LV Tei index may indirectly reflect an improvement of both diastolic and systolic function. The Tei index is easily derived from use of conventional pulsed Doppler echocardiography, as previously described by Tei and cols. (16) . LV index < 0.40 and < 0.30 for the RV are considered normal. Higher values correspond to pathological states with overall cardiac dysfunction. There are few studies that used the TEI index in patients with SH.
An increase in systolic left ventricle diameter may be observed with different degrees of systolic dysfunction. The present study detected a reduction in this parameter with L-T4 replacement. This result is in accordance with the slight reduction of cardiac output observed in the placebo group, although not statistically different from the L-T4 effect.
Several studies that evaluated left ventricular systolic function by conventional or tissue Doppler echocardiography at rest detected conflicting results (12) (13) (14) 21, (24) (25) (26) (27) (28) . Impaired at-rest left ventricular function, as defined by an increased pre-ejection period (PEP)/left ventricular ejection time (LVET) ratio, was reported in some studies using a more sensitive echocardiographic technique in SH patients, compared with control subjects (21, (24) (25) (26) (27) . However, Tseng and cols. (13) did not find a significant variation in PEP and PEP/LVET by means of concurrent aortic and mitral valve echocardiography.
The limitation of the present study is the small number of participants, and the high number of patients who were lost to follow-up. A possible explanation was the rigid exclusion criteria. The selection of middle--aged women was important to minimize differences in baseline characteristics of both intervention groups, since SH is more prevalent among women. The two intervention groups were homogeneous in respect to different baseline characteristics.
A high number of patients needed LT4 dosages > 75 mg/day to restore euthyroidism, which was considered progression of disease. The exclusion of these patients was an important cause of loss to follow-up in this study, and may reflect the necessity of higher doses of levothyroxine replacement even in patients with subclinical hypothyroidism. L-T4 requirements of patients with subclinical hypothyroidism are usually 0.075 mcg/kg/ day. Despite the high number of patients were lost to follow-up, the comparison between the initially randomized group and the group that concluded the study did not demonstrate a selective loss, which could be responsible for imbalance in the randomization characteristics. This fact minimizes the impact of discontinued participation on the final results.
In conclusion, these results suggest a positive impact of L-T4 replacement in cardiac function of middle-aged women with SH, demonstrated by the effects in Left Ventricular Tei index. However, these results should be confirmed in larger trials, and the impact of these findings in patients with other cardiovascular risk factors, or with previous cardiovascular diseases, needs to be explored.
